Introduction
In recent years, new advances have been achieved in hydraulic technology in line with the improvements seen in the dynamic performance, comfort and safety of vehicles. A major factor behind these advance is the appearance of a new approach to vehicle design premised on the application of electronic control. Electronic control technology makes it possible to break through the limitations on improvements in performance and functionality achievable by mechanical means, and thus allows dramatic advances to be obtained in overall vehicle performance. For instance, the application of electronic control to a power steering system allows the steering effort to be optimally matched to the operating conditions. An electronic automatic transmission delivers improved power performance and fuel economy while providing smooth gear changes free of shift shock. Still another new technology can be seen in the development of 4-wheel steering (4WS) systems, torque split 4WD systems and hydraulic active suspension systems based on the concept of active control over the dynamic performance of a vehicle. Electronic control has become a key element of these advanced hydraulic systems and has given rise to a requirement for higher hydraulic performance.
To meet this requirement, further advances have been pursued in hydraulic technology by improving the design and performance of hydraulic devices and systems.
This paper first describes the progress in hydraulic systems at Nissan Motor Co. and their present status today as a way of outlining the advances seen in vehicle performance and hydraulic technology in recent years. It then presents several new developments in hydraulic systems at Nissan, including the hydraulic active suspension system, torque split 4WD system and 4W5 system, and discusses the present state of hydraulic technology.
Finally, a general discussion is presented concerning several major issues in automotive hydraulics, such as the combination of integrated control and hydraulic systems, networking and application of intelligent capabilities to hydraulic devices, fuel economy improvement and energy-saving hydraulic systems and reduction of the noise and vibration caused by hydraulic systems.
Progress in Hydraulic System Development in Recent Years
The implementation of new hydraulic system technologies in the chassis and powertrain of Nissan vehicles in the 1980s is outlined in Table 1 . Because auxiliary coil springs are also used in the system, the hydraulic energy required by the system has been reduced. The dynamic characteristics of the hydraulic system are the system frequency response (Fig.5) and the damping force characteristics (Fig.6) HICAS, featuring phase reversal control over the rear wheels to achieve a significant improvement in vehicle response and stability. The concept of the resulting vehicle behavior is illustrated in Fig.8 . This behavior would make it easy for a driver to keep the vehicle on the target path. The hydraulic system construction is shown in Fig.9 . The system consists of a pressure control valve for driving a hydraulic cylinder, a cutoff valve for the fail-safe system, a hydraulic cylinder for steering the rear wheels and other components.
• System Components The on-board hydraulic system consists of the hydraulic unit ( Fig.1  3) One concept of an intelligent hydraulic system for the automobile is illustrated in Fig. 17 . Since these power consumption levels of hydraulic systems present fuel economy problems, suitable tradeoffs must be made with performance.
One major issue for future work is the question of how to hold down energy consumption while achieving high control efficiency. Solutions to this issue will require the development of energy-minimizing control techniques. As for hydraulic systems, attention should be directed to these issues:
(1) development of hydraulic energy management systems (2) development of more efficient pumps and pump control systems, and (3) development of hydraulic devices with little internal leakage.
Reducing Noise and Vibration Caused by Hydraulic Systems
The trend in the interior noise level of cars in recent years is shown in Fig.19 . It is seen that the passenger compartment has become quieter every year. This trend has increased the importance of reducing the noise and vibration levels of on-board hydraulic systems.
In order to achieve sufficiently low noise and vibration levels, it will be necessary not only to develop quieter-operating components but also to toward major improvements in the years ahead that will transform the automobile into an even more wonderful means of mobility.
